Phase II Calderon Process to Produce Direct Reduced Iron Research and Development Project by Calderon, Albert

DISCLAIMER
This report was prepared as an account of work sponsored by an agency of the United
States Government.  Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights.  Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof.  The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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 This project was initially targeted to the making of coke for blast furnaces by 
using proprietary technology of Calderon in a phased approach, and Phase 1 was 
successfully completed.  The project was then re-directed to the making of iron 
units.  In 2000, U.S. Steel teamed up with Calderon for a joint effort to produce 
directly reduced iron with the potential of converting it into molten iron or steel 
consistent with the Roadmap recommendations of 1998 prepared by the Steel 
Industry in cooperation with the Department of Energy by using iron ore 
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concentrate and coal as raw materials, both materials being appreciably lower in 













  3 
TABLE OF CONTENTS 
 
Executive Summary      Page   4 
Construction and Start-Up     Page   6 
Experimental Work      Page   6  
Results and Discussion      Page   7 
Conclusion        Page 10 









  4 
Executive Summary 
 The commercialization path of the Calderon technology for making a 
feedstock for steelmaking with assistance from DOE initially focused on making 
coke, and work was done which proved that the Calderon technology is capable of 
making good coke for hard driving blast furnaces.  U.S. Steel which participated in 
such demonstration felt that the Calderon technology would be more meaningful in 
lowering the costs of making steel by adapting it to the making of iron—thus 
obviating the need for coke. 
 U.S. Steel and Calderon teamed up to jointly work together to demonstrate 
that the Calderon technology will produce in a closed system iron units from iron 
concentrate (ore) and coal competitively by eliminating pelletizing, sintering, 
coking and blast furnace operation.  If such process steps could be eliminated, a 
huge reduction in polluting emissions and greenhouse gases (including CO2) 
relating to steelmaking would ensue.  Such reduction will restructure the steel 
industry away from the very energy intensive steelmaking steps currently practiced 
and drastically reduce costs of making steel. 
 The development of a technology to lower U.S. steelmaking costs and 
become globally competitive is a priority of major importance.  Therefore, the 
development work which Calderon is conducting presently under this Agreement 
with the U.S. Department of Energy becomes more crucial than ever. 
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 The work performed during the 1st Quarter of 2007, which the present 
Progress Report covers, was advanced to the construction and installation of a new 
charger to accommodate the oxygen lance to be inserted from the charging end in 
order to overcome the heat losses occurring at the discharging end of the reactor.  
This new charger was almost completely de-bugged and placed into preliminary 
operation.  Longer lances were required to be made to accommodate the new 
charger.  An agreement was reached with Altos Hornos of Mexico (AHMSA) 
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Construction and Start-Up 
 In preparation for the installation of the new charger (see photograph, 
Exhibit 1), changes had to be made on the charging side of the reactor.  These 
changes included structural, mechanical, electrical, piping and controls.  This work 
was completed during the Quarter, except for the programming of the controls, 
which is in progress. 
 From January 24th through February 16th, 14 short tests (one per day) were 
conducted for de-bugging and also instituting a new lance practice using manual 
controls. 
Experimental Work 
 The experimental test runs conducted during the remainder of the Quarter 
were preliminary tests for Altos Hornos of Mexico (AHMSA) based on terms 





Date 2007 Length in Hours No. of 
Pushes 
Company 
I-220 2/19 thru 2/21 58 hrs. : 00 min. 668 AHMSA 
I-221 2/27 thru 3/01 49 hrs. : 50 min. 548 AHMSA 
I-222 3/6 14 hrs. : 40 min. 183 AHMSA 
I-223 3/7 15 hrs. : 30 min. 179 AHMSA 
I-224 3/8  7 hrs. : 30 min.  94 AHMSA 
I-225 3/9 18 hrs. : 20 min. 275 AHMSA 
I-226 3/12 thru 3/15 83 hrs. : 35 min. 953 AHMSA 
I-227 3/20 thru 3/21 35 hrs. : 30 min. 423 AHMSA 
I-228 3/28 9 hrs. : 00 118 AHMSA 
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Results and Discussion 
 The criteria for the above-listed test runs were based on three factors: (1) A 
test run of 72 hours at reasonably steady state; (2) Minimum number of pusher 
stalls, preferably none; and (3) the number of grinds above 19 out of 24 to 
determine quality of the iron/carbon material produced. 
 In Test Run I-220 there were 27 pusher stalls, while 18 grinds were above 19 
out of 24, and the length of Run was 58 hours.  Such a large number of stalls was 
unacceptable. 
 In Test Run I-221 there were 14 pusher stalls, while 15 grinds were above 19 
out of 24, and the length of the Run was about 50 hours.  The number of stalls was 
unacceptable. 
 In Test Run I-222 there were no pusher stalls, but all material grinds were 
under 19 out of 24, and the length of the Run was about 15 hours.  The quality of 
the material was unacceptable. 
 In Test Run I-223 there were no pusher stalls, while 5 grinds were above 19 
out of 24, and the length of the Run was only 15½ hours.  The unit was forced to 
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be shut down because of a mechanical malfunction. 
 In Test Run I-224 there was one pusher stall, while no grinds were above 19 
out of 24.  The length of the Run was 7½ hours, but the unit was forced to be shut 
down because of water leak in the reactor. 
 In Test Run I-225 there were 8 stalls, while 2 grinds were above 19 out of 
24.  The unit was forced to be shut down because of excessive stalling. 
 In Test Run I-226 there were 21 pusher stalls, and 22 grinds were above 19 
out of 24; the Run was continued despite the excessive stalls.  Length of Run was 
about 84 hours. 
 In Test Run I-227 there were 2 pusher stalls, while 16 grinds were above 19 
out of 24, and the length of the Run was interrupted because of hydraulic pump 
failure.  A new pump was ordered. 
 In Test Run I-228 there were 4 pusher stalls, while no samples were taken by 
virtue that the unit was shut down prior to reaching steady state.  The length of the 
Run was only 9 hours; pushing pressures were beyond the capability of the 
hydraulic pump. 
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 In analyzing the above results with respect to operating the unit with the 
objective of running for 72 hours at reasonably steady state which is the target for 
acceptance, it is to be noted that only Test Run I-226 which lasted 83 hrs : 30 min. 
was conducted long enough to qualify as to the length of the test and also to the 
number of grinds, but stalling 21 times was unacceptable. 
 Effort has been expended to understand the cause of the excessive stalling 
when comparing to previous tests in 2006 when the lance was inserted from the 
discharge end of the reactor while using U. S. Steel coal and ore.  The coal from 
AHMSA possesses 14% ash, and it is surmised that the cause for the excessive 
stalling might be contributed by the high ash content of the AHMSA coal.  The 
stalling problem may not be the ash, but possibly the start-up procedure which 
includes the early injection of the oxygen at near full capacity before the thermal 
soaking of the refractory lining takes place.  Further, the configuration of the 
number of holes in the nozzle could be a factor which can cause melting within the 
reactor, or the gangue material in AHMSA’s ore. 
Conclusion 
 It is evident from the Test Runs conducted that injecting the oxygen from the 
charging end using a new ore and a new coal has introduced new conditions which 
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had not been experienced previously.  However, several positive results were 
observed which included: 
 (1) the capability to reach and maintain higher temperatures more rapidly  
  than before; 
 (2) evidence that the lance tip through which the oxygen is injected retains  
  its shape during the Runs, which eliminates the need to withdraw the  
  lance every hour to clean its tip; 
 (3) cooling water through the lance greatly is reduced; 
 (4) potential to avoid melting at the discharge end of the reactor; 
 (5) the apron at the discharge end of the elbow remains clean; and 
 (6) the potential of extending refractory life of the Reactor. 
 It is the intention to focus on the cause of the excessive stalling and 
overcoming such a problem during the forthcoming quarter. 
 References – Not Applicable 
 The work performed in this quarter which the report covers was original 
work.  No reference material was relied upon for the work. 
 Submitted by: 
 
 
 Albert Calderon 













AHMSA’S TEST PROGRAM — REVISED 
February 13, 2007 
 
 
Week 1 – Preliminary Investigative Tests as to compatibility of AHMSA’s  
  ore with AHMSA’s coal 
       Number of tests: 3 
       Length of Tests: 12 hours each 
 
 PROCEDURE 
• Prepare for tests #1, #2, and #3 
• Run Test #1—Collect data and samples 
• Make changes, if necessary 
• Run Test #2—Collect data and samples 
• Make changes, if necessary 
• Run Test #3—Collect data and samples 




Week 2 – Based on results from Week 1 
       Expand tests to 24 hours 
       Number of tests: 2 
 
 PROCEDURE 
• Prepare for Tests #4 and #5 
• Make changes, if necessary, from what was learned in Week 1 
as part of preparation 
• Run Test #4—Collect data and samples 
• Make changes, if necessary 
• Run Test #5—Collect data and samples 







AHMSA’S TEST PROGRAM — REVISED (continued) 
 
Week 3 – Based on results from Week 2 
       Expand length of Test to 48 hours 
       Number of tests: 1 
 
 PROCEDURE 
• Prepare for Test #6 
• Make changes, if necessary, from what was learned in Week 2 
as part of preparation 
• Run Test #6—Collect data and samples 
• Analyze and document results 
• Cleanup 
 
Week 4 – Based on results from Week 3 
       Expand length of test to 72 hours 
       Number of tests: 1 
 
 PROCEDURE 
• Prepare for Test #7 
• Make changes, if necessary, from what was learned in Week 3 
• Run Test #7—Collect data and samples 
• Analyze and document results 
 
Week 5 –  
 PROCEDURE 
• Assemble material produced 
• Melt a heat from material produced 
• Package selected material for shipment to AHMSA 
• Assemble data collected 
• Write Report 
